Abstract. Dark matter is obtained from a scalar field coupled conformally to gravitation; the scalar being a relict of Dirac's gau~e function. This conformally coupled dark matter includes a gas of very light (m ~ 2.25 x 10 -3 eV) neutral bosons having spin 0, as well as a time-dependent global scalar field, both pervading all of the cosmic space. The time-development of this dark matter in the expanding F-R-W universe is investigated, and an acceptable cosmological behaviour is obtained.
Introduction
There is a great deal of dark matter in the universe, the dark matter having a much greater mean density then visible matter (Trimble, 1987) , (Turner, 1991) , (Tremain, 1992) . It is believed (Tyson, 1992) , (Priester, Hoell and Blome, 1995) that the density of dark matter exceeds that of luminous by a factor of about 10. At present there is a number of popular non-baryonic dark matter candidates: axions, neutrino, gravitino etc. etc. However, these candidates suffer from a number of shortcomings: their evolutionary behaviour in the expanding universe is not clearly known, their origin is not related to the geometry of the universe, they are inserted into the space-time framework from the outside.
Some years ago it was suggested (Israelit and Rosen, 1992 ) that at least a part of the dark matter in the universe consists of massive bosons of spin I. These particles, named weylons were created by a local Weylian vector field. The idea of such a field was based on the Weyl geometry (Weyl, 1919) as modified by Dirac (1973) . It was also shown (Israelit and Rosen, 1994 ) that dark matter consisting of heavy weylons (with mass greater then 10 Mev), may be fitted into the standard cosmological model (Weinberg, 1972) , as well as into the singularity-free prematter cosmological model (Israelit and Rosen, 1989) . Later a global dark matter effect was obtained (Israelit and Rosen, 1995) from a time-dependent scalar field, the scalar being identical with the gauge function introduced by Dirac (1973) in his modification of the Weyl geometry. The above mentioned dark matter forms are derived from the Weyl geometry. In this paper an additional geometrically based generator of cosmic dark matter is presented.
The purpose of the present work is to consider the possibility that a scalar field, coupled conformally to gravity, can generate cosmic dark matter. The behavior of this dark matter in the expanding universe will be investigated. It will also be shown that unifying the Einstein-Hilbert action with the (reduced) action of the Weyl-Dirac theory, one obtains the action of a scalar field coupled conformally to gravitation. In this procedure the coupled scalar field appears as a relict of the Dirac gauge function.
In the present work general relativistic (geometrical) units are used, so that G = 1, c = 1, the Hubble constant is given in cm -1, and the energy density of matter in cm -2. However, in order to discuss physical results we turn sometimes to conventional units, noting this fact in the text. The conversion rules may be found in (Synge, 1966) .
The Weyl-Dirac Theory and Conformally Coupling
A detailed description of the Weyl-Dirac theory and a discussion of its physical aspects may be found in Rosen's work (1982) . A brief discussion of the theory in view of the dark matter problem is given in (Israelit and Rosen, 1992) . In this section we consider the relation between the Weyl-Dirac theory and a scalar field coupled conformally to gravity. The notations of (Rosen, 1982) , and of (Israelit and Rosen, 1992) will be used.
The field equations of the Weyl-Dirac theory may be derived from a variational principle (Dirac, 1973) , (Rosen, 1982) 
with the action
and the Lagrangian density LD given by
In expression (3), wU(x )') is the connection vector of the Weylian geometry, the Weylian length curvature tensor Wu. is defined as Wu~, = w~,,~, -w,,u (a comma denoting partial differentiation), 13(x :~) is the Dirac gauge function, and/3u =-/3,u. Further, A is the cosmological constant, R~ is the Riemannian curvature scalar, and k is an arbitrary parameter. In order to get a geometrically based description of gravitation and electrodynamics, Dirac took k = 6. In that case w# may be treated as the vector potential of the electromagnetic field, and W,u becomes the field tensor. By Dirac's choice one has from Equation (3) 
